Introduction
The Expanded Very Large Array (EVLA) project is currently under way to upgrade the Very Large Array (VLA) to improve the sensitivity, bandwidth, spectral resolution and frequency coverage of the existing array of 27 radio telescopes [1] . The EVLA receivers will provide continuous frequency coverage from 1 GHz to 50 GHz. Three of the cryogenically cooled EVLA receivers will provide octave band coverage for the L-band (1 GHz to 2 GHz), S-Band (2 GHz to 4 GHz) and C-band (4 GHz to 8 GHz).
For the L, Sand C band receivers, the polarizer consists of two principal components. First, a quadruple-ridge orthomode transducer (OMT) separates the orthogonal linearly polarized components of the signal. The OMT is followed by a quadrature hybrid which adds the separate linearly polarized outputs together with the appropriate phase shift to detect the circularly polarized components of astronomical signals.
The quadruple-ridge OMT was designed with a strong emphasis on manufacturability and ease of tuning since the EVLA project requires 30 units (one for each of the 27 antennas and 3 spares) for each of the L, Sand C bands, or a total of 90 units, to be manufactured by 2012. The OMT designs were extensively analyzed and optimized using theoretical models and finite-element electromagnetic simulation tools (Ansoft's High-Frequency Structure Simulator, HFSS). Extensive parametric analyses were carried out using HFSS to determine the most critical dimensions and set fabrication tolerances accordingly. The OMT was designed to greatly exceed all specifications with the ideal dimensions and still perform well as long as the parts are machined to the specified manufacturing tolerances. This paper presents the EVLA S-band orthomode transducer design, simulated results, and measurements of the prototype units.
OMT Design
The S-Band OMT design is subject to stringent constraints. The device must match two 50-ohm coaxial transmission lines to the circular waveguide that connects to the antenna feed, over the entire 2 GHz -4 GHz octave bandwidth while suppressing higher order modes which would adversely affect the beam pattern, as well as preventing trapped-mode resonances which would otherwise cause a loss of receiver sensitivity at some frequencies. The return loss specification is to be better than 15dB across the band for both polarizations.
The OMT consists of three principal sections as shown in Figure 1a : the circular to square abrupt waveguide transition (positioned for optimum low frequency performance), the square to quadruple-ridge waveguide tapered transition, and the coaxial to quadruple-ridge waveguide transition. The entire OMT is 14.3" long. The square waveguide cross-sectional dimension at the OMT input is 3.25" on each side. The TE10 / TEo1 cutoff frequency is therefore 1.82 GHz, close to the 1.85 GHz cutoff frequency of the 3.75" diameter circular waveguide that connects to the antenna feed hom. Due to the wide OMT bandwidth, the waveguide must be operated close to cutoff to minimize the number of higher order modes that propagate in-band. Consequently, a waveguide impedance of 1109 ohms at 2 GHz, and 522 ohms at 4 GHz, must be simultaneously matched to 50 ohm coaxial lines. The square waveguide to quadruple-ridge taper profile is optimized to ensure a smooth transition with minimal reflections. The coaxial feeds are matched to a chamfered quadruple-ridge waveguide with a cross-section as shown in Figure 2 . The ridge chamfer angle is 45 degrees, having a 78mil minimum, and a 250mil maximum cross-sectional ridge width. The gap between opposing ridges is 120mil.
Since the quadruple-ridge waveguide operates farther from cutoff, the relative impedance variation across the band is significantly reduced in comparison to the square waveguide impedance. At 2 GHz and 4 GHz, the quadruple-ridge waveguide impedance is 59.6 ohms and 51.4 ohms, respectively, for the dominant TE10 and TEo1 modes. The overall HFSS simulated OMT performance from a circular waveguide connection at the input, to the coaxial output, is shown in Figure 4a .
As shown in Figure 1b and Figure 2 , offset shorting pins connect opposing ridges together, while maintaining RF isolation between the x-oriented and y-oriented ridge pairs. The diagrams in Figure 2 show the light and dark ridge pairs that are electrically isolated. The shorting pins that connect each pair of opposing ridges will reflect the TEoI and TElo modes as shown in Figure 2a and Figure 2b , respectively, to provide impedance matching to the coaxial feeds. The TEll mode, however, will propagate past the pins as long as the pairs of ridges are isolated, as shown in The OMTs were designed to be easily tuned by adjusting only a single parameter for each polarization: the length of the open-circuited coaxial probe. To assemble the OMT, the four waveguide ridges are first bolted to a precision-machined locator block as shown in Figure 3a , which accurately sets the ridge spacing (critical to the electromagnetic performance) while maintaining symmetry (essential for high isolation between the two linearly polarized signals). Figure 3a also shows the absorbing material held in place in front of the locator block. The shorting pins are made of beryllium copper wire, positioned by holes in the four ridges, and held firmly in place by set screws. The four outer sections which form the waveguide walls are bolted to the ridges, as shown in Figure 3b and Figure 3c .
For the S-band OMT, tuning for both polarizations took less than 1 hour. Return loss measurements, shown in Figure 4a , were taken using an Agilent Network Analyzer connected to the two coaxial OMT ports, and the waveguide port terminated in a sliding load. As can be seen in Figure 4a , the fabricated device meets the 15dB return loss specification by a wide margin, better than 21.4 dB across the entire band for both polarizations. As shown in Figure 4b , measured room-temperature insertion loss is better than 0.22dB across the band, with no evidence of trapped mode resonances. As shown in Figure 4b , the measured isolation between the two coaxial ports is better than 39dB across the band. 
